The broadly neutralizing anti-HIV antibody 4E10 recognizes an epitope very close to the virus membrane on the glycoprotein gp41. It was previously shown that epitope recognition improves in a membrane context and that 4E10 binds directly, albeit weakly, to lipids. Furthermore, a crystal structure of Fab 4E10 complexed to an epitope peptide revealed that the centrally placed, protruding H3 loop of the antibody heavy chain does not form peptide contacts. To investigate the hypothesis that the H3 loop apex might interact with the viral membrane, two Trp residues in this region were substituted separately or in combination with either Ala or Asp by site-directed mutagenesis. The resultant IgG variants exhibited similar affinities for an epitope peptide as WT 4E10 but lower apparent affinities for both viral membrane mimetic liposomes and Env(−) virus. Variants also exhibited lower apparent affinities for Env(+) virions and failed to significantly neutralize a number of 4E10-sensitive viruses. For the extremely sensitive HXB2 virus, variants did neutralize, but at 37-to >250-fold lower titers than WT 4E10, with Asp substitutions exerting a greater effect on neutralization potency than Ala substitutions. Because reductions in lipid binding reflect trends in neutralization potency, we conclude that Trp residues in the antibody H3 loop enable membrane proximal epitope recognition through favorable lipid interactions. The requirement for lipophilic residues such as Trp adjacent to the antigen binding site may explain difficulties in eliciting 4E10-like neutralizing antibody responses by immunization and helps define a unique motif for antibody recognition of membrane proximal antigens.
The broadly neutralizing anti-HIV antibody 4E10 recognizes an epitope very close to the virus membrane on the glycoprotein gp41. It was previously shown that epitope recognition improves in a membrane context and that 4E10 binds directly, albeit weakly, to lipids. Furthermore, a crystal structure of Fab 4E10 complexed to an epitope peptide revealed that the centrally placed, protruding H3 loop of the antibody heavy chain does not form peptide contacts. To investigate the hypothesis that the H3 loop apex might interact with the viral membrane, two Trp residues in this region were substituted separately or in combination with either Ala or Asp by site-directed mutagenesis. The resultant IgG variants exhibited similar affinities for an epitope peptide as WT 4E10 but lower apparent affinities for both viral membrane mimetic liposomes and Env(−) virus. Variants also exhibited lower apparent affinities for Env(+) virions and failed to significantly neutralize a number of 4E10-sensitive viruses. For the extremely sensitive HXB2 virus, variants did neutralize, but at 37-to >250-fold lower titers than WT 4E10, with Asp substitutions exerting a greater effect on neutralization potency than Ala substitutions. Because reductions in lipid binding reflect trends in neutralization potency, we conclude that Trp residues in the antibody H3 loop enable membrane proximal epitope recognition through favorable lipid interactions. The requirement for lipophilic residues such as Trp adjacent to the antigen binding site may explain difficulties in eliciting 4E10-like neutralizing antibody responses by immunization and helps define a unique motif for antibody recognition of membrane proximal antigens.
4E10 | gp41 | HIV | neutralizing antibody | tryptophan T he notorious ability of HIV to rapidly mutate with successive replication cycles enables it to evade adaptive immune responses. Therefore, many T cell-and antibody-based vaccine development efforts are currently directed at targeting highly conserved epitopes that may prove more refractory to mutation. With regard to antibody-based vaccines, the rationale for targeting conserved epitopes is further supported by simian/human immunodeficiency virus challenge studies in rhesus macaques, in which the passive transfer of broadly neutralizing mAb (bnAb) achieved sterilizing immunity (i.e., protection against infection) (1) . The bnAbs 2G12, 2F5, 4E10, b12, PG9, and PG16 all derive from HIV-1 infected individuals, bind to defined regions on the envelope glycoprotein, and were initially recognized for their exceptional ability to neutralize a number of genetically diverse primary HIV-1 isolates in vitro (2, 3) . Recent comparative studies of bnAbs with extensive panels of diverse primary isolates show that 2F5 and 4E10, in particular, are very broadly neutralizing (3) (4) (5) .
2F5, 4E10, and Z13e1 [an affinity-enhanced variant of mAb Z13 that exhibits broad neutralization at very modest potencies (6, 7)] recognize contiguous epitopes within the membrane proximal external region (MPER) of the envelope transmembrane glycoprotein gp41 (6, 8) (Fig. 1) . These core epitopes were determined by peptide mapping; however, alanine-scanning mutagenesis of the MPER in intact viruses established that only a few residues (D664/K665/W666, W672/F673/W680, and N671/ D674 HXB2 numbering throughout) are essential for 2F5, 4E10, and Z13e1 neutralization, respectively (7, 9) . Crystal structures of Fab 2F5, 4E10, and Z13e1 complexed with their respective epitope peptides subsequently confirmed that residues DKW, WFW, and ND are buried in the paratopes of these antibodies (10) (11) (12) (13) (14) .
A tryptophan-rich MPER is highly conserved across HIV-1, HIV-2, simian immunodeficiency virus, feline immunodeficiency virus, and other membrane-fusing viruses (15) . Salzwedel et al. (16) demonstrated that the MPER is essential for HIV-1 fusion, because deletion of this region (residues 666-682) abrogates both HIV-1 infectivity and cell-cell fusion (fusion between Envexpressing cells and target cells). These authors were also the first to recognize the high level of conservation of tryptophans in this region of gp41 and the transmembrane proteins of other enveloped viruses and suggested their potential for interacting with the viral membrane. Indeed, the membrane-anchoring properties of tryptophans and tyrosines are well recognized (17) .
Shortly thereafter, Suarez et al. (18) reported on the ability of MPER peptides to associate with, permeabilize, and induce fusion between membranes. Since then, a number of membraneassociated MPER peptide structures have been resolved using NMR spectroscopy methods (19) (20) (21) . Given the caveat that unbound MPER NMR structures are contextually dissociated from the macromolecular structure of native, trimeric, envelope spikes, and until a high-resolution structure of Env on intact viruses is attained, in situ MPER membrane association remains an open question. However, in addition to observations that the MPER is tryptophan-rich and that MPER peptides associate with membranes, the findings by Grundner et al. (22) and Ofek et al. (12) that 2F5 and 4E10 binding to Env proteoliposomes is enhanced by the presence of lipids also suggest that the MPER is membrane associated. The question thus remains whether the membrane environment optimally configures the MPER for bnAb recognition or whether the MPER bnAbs have intrinsic lipid affinity.
Since the initial findings by Grunder et al. and Ofek et al. (12, 22) , a number of publications have also shown that 2F5, 4E10, and Z13e1 improve binding to Env and epitope peptides in a lipid environment (21, 23, 24) . In addition, it has become increasingly clear that 4E10 binds to lipids in the absence of the MPER (21, (23) (24) (25) (26) (27) (28) (29) . These studies have generated models of 4E10 epitope recognition (21, 23 ), but they have not yet fully addressed which antibody region(s) bind lipid and, of particular importance for vaccine design, whether lipid interaction is an essential component of MPER-mediated neutralization.
Therefore, we initiated a site-directed mutagenesis study to gain insight into which region(s) of 4E10 mediates lipid reactivity and whether abrogation of this reactivity impacts neutralization, given the strong evidence for 4E10-lipid interactions. We opted to first mutate residues at the apex of the CDRH3 because previously described crystal structures of Fab 4E10 complexed to an epitope peptide revealed that this region does not form part of the antigen binding site as is often the case for a CDRH3 (14, 30) . A similar study was not implemented for 2F5, because the case for 2F5-lipid interactions is less clear, its very occurrence a topic of current debate (21, 27, 31) . Moreover, substitutions of hydrophobic residues at the apex of the 2F5 CDRH3 have been shown to affect antigen binding (32) , which may relate to the proposed ability of 2F5 to form contacts with another region of Env on intact trimers (i.e., a region near the fusion peptide of gp41) (11, 33) .
We began by introducing nonconservative mutations at residues in the apex of the CDRH3 loop that display favorable free energies of transfer from water to a bilayer interface (34) . Explicitly, we substituted the most lipophilic residue in this region, tryptophan, with either alanine or aspartic acid (Table  S1 ). The results show that these Trp residues (W100 and W100B) are essential for MPER recognition, because both double Ala and Asp substitution variants (WAWA and WDWD) exhibit undetectable neutralization activity. Moreover, it seems that lipid reactivity and neutralization activity are linked, because the neutralization potencies of the variants decrease with decreasing lipid reactivity. Explicitly, lipid reactivity decreases from WT 4E10 to Ala variants and then to Asp variants, as predicted on the basis of side chain propensities for bilayer interaction.
Results
Generation of IgG1 4E10 and Lipophilicity-Altered Variants. As described in Materials and Methods, single-chain variable fragment (scFv) 4E10 DNA was synthesized de novo and subcloned into the phage display vector pComb3× (35) . Fab 4E10 was subsequently cloned into phage display vector pComb3H (35) by overlap extension PCR using the heavy and light chain variable regions of scFv 4E10 and heavy and light chain constant regions of Fab b12 (CH1, Cκ). Site-directed mutagenesis was conducted on Fab 4E10 in pComb3H, because this vector is a more manageable size for molecular biology manipulation than pDR12 (≈6 kb vs. ≈13 kb). Fab variable regions were then cloned into pDR12, a mammalian expression vector that encodes IgG1 light chain and heavy chain from separate ORFs (36, 37) . The resultant variants were transfected and expressed in 293F Freestyle cells (see Materials and Methods). Purification from tissue culture supernatants using Protein A Sepharose yielded highly pure IgG1 of the correct molecular weight (Fig. S1 ).
Evaluation of Epitope Peptide Binding Affinity. Because of the caveats associated with measuring antibody affinity by direct (antigen-immobilized) ELISA (e.g., antigen can become denatured, dissociate, or occur in high local concentrations that enhance antibody avidity effects), we used an ELISA that establishes in-solution equilibrium between an antibody and epitope peptide before "capturing" the biotinylated peptide with immobilized neutravidin. Because the capture step introduces a phase change, this modified ELISA does not measure in-solution equilibrium binding constants, but improves upon a direct ELISA for the purpose of comparing apparent binding affinities among IgG1 4E10 variants. Fig. 2 shows that the affinities of the variants for an epitope peptide are as strong as, or stronger than, 4E10 within the SEM. Therefore, the lipophilic amino acid substitutions in CDRH3 have not perturbed epitope peptide binding.
Surface Plasmon Resonance Experiments with Immobilized Liposomes
to Assess Lipid Binding. Surface plasmon resonance (SPR) spectroscopy records binding events in real time, generating response curves. In cases of monovalent binding interactions that follow first-order binding kinetics, the thermodynamic equilibrium dissociation constant (K d ) is equal to the quotient of dissociation (koff) and association (kon) kinetic rate constants, where koff and kon may be derived from the association and dissociation phases of the SPR response curves by nonlinear regression analysis. Unfortunately, first-order binding kinetics does not accurately describe our system (bivalent analyte binding to a saturated epitope surface), nor could we determine K d from equilibrium plateau signals and the corresponding free analyte concentrations (e.g., Scatchard analysis), because saturation as a function of analyte (antibody) concentration was not achieved in the concentration range studied. What we present instead are the maximum responses obtained when each IgG1 is incubated in the presence of viral membrane mimetic liposomes (Fig. 3) . These values provide an estimation of relative binding affinities, from which we are able to draw qualitative conclusions.
The liposome SPR assay used here was originally developed to evaluate IgG1 2F5 and 4E10 binding to lamellar cardiolipin (CL) (27) , and thus measures antibody binding to both immobilized liposomes containing CL ("CL-containing" liposomes) and liposomes without CL ("control" liposomes). Variant binding to control and CL-containing liposomes was evaluated for comparison with our previous characterizations of 4E10 and 2F5, and the resulting response curves are shown in Fig. S2 and Fig. S3 . However, because CL is not found in HIV-1 virions, we also evaluated binding to viral membrane mimetic (VM) liposomes whose molar ratios of phospholipids resemble the distributions of major lipid components in HIV-1 virions (Fig. 3 and Fig. S4 ) (38) (39) (40) (41) . CL, or diphosphatidylglycerol, is a "double" phospholipid with two negatively charged headgroups and four acyl chains that exhibits a single negative charge at neutral pH. In humans, CL distribution is limited to those membranes and tissues where CL synthetases are found (i.e., mitochondrial membranes and mitochondria-rich tissue) (42) . The reason for including CL in our previous analysis of 2F5 and 4E10 lipid reactivity relates to the suggestion that 2F5 and 4E10 are autoantibodies specific for CL (25) , a hypothesis that will be elaborated on further in Discussion.
Although all variants exhibited diminished SPR responses on liposome surfaces with respect to WT 4E10 (Figs. S2-S4 ), reductions were most notable on CL-containing liposomes and VM liposomes. For VM liposomes, if the average (n = 2) Likewise, when variants were evaluated for their ability to bind Env(−) viral membranes using two different in vitro capture methods, all exhibited diminished abilities to capture Env(−) virus compared with WT 4E10 (Fig. S5 ). Only variants W(100)A and W(100B)A showed some degree of virus capture above baseline (the amount of virus captured by a negative isotype control IgG1 DEN3) (Fig. S5B) .
Neutralization Assays. To assess whether the nonconservative substitutions in CDRH3 affect binding to functional Env, variants were evaluated for neutralization activity against a panel of pseudoviruses in a single-cycle infectivity assay at Monogram Biosciences (Table 1) . Surprisingly, we found that the variants were only able to neutralize HXB2, which is an order of magnitude more sensitive to WT 4E10 neutralization than other pseudoviruses examined here. Indeed, the majority of these viruses were selected on the basis of their sensitivity to 4E10 in a peripheral blood mononuclear cell assay (92HT594 and 93MW960) or single-cycle infectivity assay (92HT594, 93MW960, JRCSF, and SF162), or because they are T cell lineadapted (TCLA) viruses (HXB2 and NL43) (4). Therefore, it is readily apparent that nonconservative substitutions to tryptophan in the CDRH3 have strong negative consequences for 4E10 neutralization. It is also apparent that the most radical substitutions exert a greater effect on neutralization potency. Explicitly, single Ala variants W(100)A and W(100B)A neutralize HXB2 with greater potencies (IC 50 , 9.1 μg/mL and 7.5 μg/mL) than single Asp variants W(100)D and W(100B)D (18 μg/mL and 39 μg/mL, respectively); the neutralization activities of the double substitution variants, WAWA and WDWD, are below assay cutoff values (i.e., >50 μg/mL).
To understand whether CDRH3 substitutions affect epitope affinity in a membrane context, we also measured apparent antibody affinities for intact JR-FL virus using an in-solution competition assay (Fig. S6A) . We found that the apparent affinity of WT 4E10 for JR-FL virus particles (IC 50 7.4-7.8 μg/mL) is stronger than Ala variant affinities [W(100)A, 13.3 μg/ mL; W(100B)A, 26.5 μg/mL; WAWA, 91.3 μg/mL], which are stronger than Asp variant affinities (all >200 μg/mL) (Fig. S6B) . It should also be noted that the apparent affinity of WAWA for JR-FL virus particles is below the highest concentration of antibody used in the neutralization assay.
Discussion
In this study we generated variants of IgG1 4E10 with nonconservative substitutions of tryptophan in the CDRH3 that exhibit similar apparent affinities for an epitope peptide compared with WT 4E10 (within SEM) but markedly diminished neutralization activities. Because the neutralization activities of these variants positively correlate with their binding to viral membrane surfaces and epitope affinities in a membrane context (JR-FL virus particles), we suggest that Trp residues at the apex of the CDRH3 loop play a crucial role in 4E10 neutralization by enabling 4E10-lipid interactions. Quantitative discrepancies between virus binding affinities and neutralization potencies (Table 1 and Fig. S6B ) may reflect uncleaved gp160 monomers or other nonnative forms of Env on the surface of HIV-1 that present the cognate epitope of 4E10 but do not enable virus entry. In this case, antibody affinity for a virus particle could exceed its neutralization potency, which measures binding to functional Env.
Ala and Asp substitutions introduce residues with positive free energies of transfer from water to the bilayer interface (34 This unique mechanism of 4E10 epitope recognition (i.e., lipophilic residues at the periphery of the antigen binding site) may explain difficulties in eliciting neutralizing antibody responses to immunogens based on the 4E10 epitope. It has been previously proposed that these difficulties related to the suggested reactivity of 2F5 and 4E10 with cardiolipin, an endogenous phospholipid (25, 43) . Explicitly, the hypothesis is that the MPER antigenically mimics cardiolipin, an autoantigen; therefore, MPER immunogens fail to induce neutralizing anti-MPER antibodies because B cells with autoreactive antibody specificities are negatively regulated by tolerance mechanisms. However, we and others have found that 2F5 does not bind to CL in diagnostic assays of antiphospholipid syndrome or to liposome surfaces (21, 25, 28) , which suggests that difficulties in eliciting neutralizing antibodies against MPER immunogens is not generally related to CL reactivity. Furthermore, it has been shown that antibody responses can be elicited to MPER immunogens, only that these antibodies are not potently neutralizing (44) , suggesting again that tolerance is not the issue, but some qualitative difference between neutralizing and "nonneutralizing" MPER antibodies. For example, Song et al. (20) showed that a nonneutralizing MPER mAb elicited against a soluble MPER immunogen cannot recognize the MPER in a membrane context and therefore fails to neutralize the MPER.
MAb 4E10 may provide clues as to a general solution for antibody recognition of membrane proximal antigens. For example, a recent crystal structure of the Fab fragment of ofatumumab, a therapeutic human mAb directed against CD20, reveals that the antibody combining site is delimited by a number of hydrophobic residues (Ile, Trp, and Tyr) (45) . The authors propose that its lipophilic binding site may enable ofatumumab to recognize a membrane proximal CD20 epitope, leading to increased antibody-dependent complement deposition on target cell membranes compared with another anti-CD20 therapeutic mAb, rituximab, which recognizes a seemingly more solventexposed CD20 epitope. To our knowledge, no published study has examined ofatumumab for direct lipid interactions; however, its structure suggests that the coupling of lipophilic binding sites IgG1 4E10 and variants were evaluated for neutralization activity against pseudoviruses incorporating Env from two neutralization-sensitive TCLA viruses (HXB2 and NL43) and five primary isolate viruses (JRFL, SF162, 92HT594, 93MW960, and JRCSF) as described previously (4) . Virions pseudotyped with Env from an amphotropic murine leukemia virus (aMLV) served as a control for nonspecific neutralization (50) .
to membrane proximal epitope recognition may impart additional therapeutic benefits.
Materials and Methods
Recombinant IgG1 b12 (37) was expressed and purified as previously described (46) . IgG1 4E10 (47, 48) and IgG1 2F5 (8) were produced at Polymun Scientific and provided by the International AIDS Vaccine Initiative Neutralizing Antibody Consortium. Peptide bio-29 [SLWNWFDITNWLWK-(biotin)-NH2] was provided by P. Dawson as previously described (7) . The following antibodies were purchased commercially: alkaline phosphatase conjugated goat anti-human IgG Fc fragment specific from Pierce.
scFv Cloning. The variable domains of 4E10 heavy and light chains (VH and VL) were synthesized de novo as an scFv with flanking asymmetrical SfiI restriction sites by Blue Heron Biotechnology. The scFv 4E10 cassette was PCR amplified with an M13 primer set and subcloned into the phage display vector pComb3X (35) at complementary SfiI restriction sites. In addition, framework residues Q(VL11)L, E(VH6)Q, Q(VH43)R, S(VH70)T, N(VH73)R, N (VH76)S, Q(VH81)E, and K(VH83)R (Kabat numbering) were altered by sitedirected mutagenesis (QuikChange site-directed mutagenesis kit; Stratagene) to yield the correct 4E10 amino acid sequence (47) .
Fab Cloning. 4E10 variable domains and human IgG1 constant domains (Cκ and CH1) were amplified from scFv 4E10 and Fab b12 and annealed together by overlap extension PCR (49) using primer sets described in SI Materials and Methods. The resulting hybridization product encoding Fab 4E10 with flanking asymmetrical SfiI restriction sites was subcloned into the phage display vector pComb3H (35) . In addition, light chain framework residue T109, which is not present in scFv 4E10, was inserted into Fab 4E10 by site-directed mutagenesis (QuikChange site-directed mutagenesis kit; Stratagene). IgG Cloning. The light and heavy chains of 4E10 and adjoining sequences in pDR12 were PCR amplified and annealed by overlap extension PCR using primer sets described in SI Materials and Methods. The resulting light chain and heavy chain cassettes were subcloned into HindIII/EcoRI (light chain) and Xba/SacI (heavy chain) restriction sites in vector pDR12 (37) . It contains a full light-chain and heavy-chain expression cassette in which transcription is driven from a human cytomegalovirus promoter. The heavy-chain expression cassette contains the genomic human IgG1 gene. Selection and amplification of the plasmid was done on the basis of expression of the gene for glutamine synthetase (36) .
IgG1 Expression and Purification. IgG1 4E10, W(100)A, W(100B)A, WAWA, W (100)D, W(100B)D, and WDWD in pDR12 were transfected in FreeStyle 293-F cells (Invitrogen) according to the manufacturer's instructions. Explicitly, for each IgG1 clone, 50 μg antibody in pDR12 and 5 μg pAdVAntage vector (Promega) were diluted in 1 mL (final volume) Opti-MEM I reduced-serum medium (Invitrogen). Simultaneously, 110 μL transfection reagent (293fec-tin; Invitrogen) were diluted in 1 mL Opti-MEM (final volume). The DNA/ Opti-MEM solution was added to the 293fectin/Opti-MEM, incubated for 30 min at room temperature, and added to 1 × 10 6 cells/mL 293F cells in 48 mL FreeStyle 293 expression medium (Invitrogen). Supernatants were harvested 72 h and 144 h after transfection. Antibodies were purified using rProtein A Sepharose Fast Flow (GE Healthcare) and then dialyzed against PBS. Purity was verified by SDS-PAGE and Coomassie blue staining.
ELISA. A neutravidin capture assay was adopted from Nelson et al. (7) . Explicitly, 100 ng neutravidin (Pierce) were coated per well in 50 μL PBS at room temperature for 3 h. Plates were washed three times with PBS-0.05% Tween-20 before blocking with 130 μL 4% nonfat dry milk (NFDM)-PBS-0.02% Tween-20 for 2 h at 37°C. At the same time, a preassayed amount of bio-29 (67.6 ng per well in 30 μL 0.8% NFDM-PBS-0.02% Tween-20) was incubated at room temperature with 3-fold dilutions of antibody in 30 μL PBS (starting concentration, 1 μM). [n.b., the 67.6 ng per well bio-29 value was determined by varying the concentration of biotinylated peptide in the presence of saturating amounts of IgG1 4E10 (1 μM) and determining the concentration at which the absorbance signal was below 1.0 and within the linear range.] Plates were washed three times, and then all 60 μL of the preincubation solution were added to a neutravidin-coated plate and incubated for 15 min at room temperature. Plates were then washed four times before adding 50 μL of antihuman Fc diluted 1:1,000 in 0.4% NFDM-PBS-0.02% Tween-20 and incubating at room temperature for 1 h. Plates were washed four times before developing with 100 μL of p-nitrophenyl phosphate (Sigma-Aldrich) at room temperature. Absorbance was recorded at 405 nm.
SPR Spectroscopy. SPR measurements were conducted at 25°C in PBS buffer using L1 sensor chips and a Biacore 2000 system (GE Healthcare).
Liposomes were prepared from commercially available bovine heart CL, 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE), egg L-α-phosphatidlycholine (PC), 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC), 1-stearoyl-2-oleoyl-sn-glycero-3-phosphoserine (PS), N-palmitoyl-D-erythrosphingosylphosphorylcholine (SM), ovine wool cholesterol (chol), and HPLC grade chloroform (Avanti Polar Lipids) using a miniextruder and 0. Before liposome immobilization, an L1 sensor chip (Biacore) was prepared with two 100-μL injections of 40 mM N-octyl-β-D-glucopyranoside (CalBiochem) at a flow rate of 50 μL/min. Liposomes were immobilized in two successive 100-μL injections at a flow rate of 5 μL/min. Liposome surfaces were equilibrated in PBS for 3 h at a flow rate of 20 μL/min; this did not affect immobilization levels and served as a measure of surface stability.
Antibodies were centrifuged once at ≥100,000 × g for 15 min before use in an attempt to remove potential aggregates. To account for changes in the refraction index due to buffer, PBS was injected before each antibody sample. Both PBS and antibody solutions were injected a flow rate of 20 μL/min for 120 s. Antibody injections were followed by a 200-s dissociation phase and 1,200-s stabilization period. Once all of the flow cells had been used, the L1 surface was regenerated with detergent and liposomes immobilized anew. BIAevaluation software was used to subtract the signal contributed by PBS.
Neutralization Assay. Neutralization assays performed at Monogram Biosciences were conducted as previously described (50) using viruses pseudotyped with BHT92594c, CMW93960, HXB2, JR-CSF, JR-FL, NL4-3, and SF162 Env (4). Briefly, pseudovirus encoding a luciferase reporter gene was incubated for 1 h at 37°C with antibody, and infectivity was determined by measuring luciferase activity in the lysates of U87.CD4.CXCR4.CCR5 cells.
